Introduction
The reconstruction of the distal third of the leg remains a challenge for reconstructive surgeons. Anatomical characteristics, such as the scarcity of soft tissues and thin skin, lead to great difficulties in the treatment of soft tissue lesions at this location.
The use of fasciocutaneous flaps in the reconstruction of lesions of the lower third of the lower limb, especially of the foot, is well indicated due to the similarities with the tissues of the region. Among these flaps, the medial island flap is noteworthy. 1, 2 The medial plantar flap was initially described by Harrison and Morgan. 3 It is based on the medial plantar artery and consists of a fasciocutaneous flap that uses skin from the plantar arch of the foot, an ideal tissue to cover defects of the heel and other regions of the foot, due to the structural similarity. The innervation of this flap is preserved, giving it sensation, which is a protective factor. 4 This study aimed at presenting a series of cases in which the medial plantar flap was used for the treatment of foot injuries, especially of the heel, from 2001 to 2013.
Methods
This is a retrospective study of all patients admitted to hospital during the study period who underwent reconstruction of the lower limbs due to loss of cutaneous coverage with the use of the medial plantar flap. The following variables were assessed: gender, age, trauma etiology, presence and location of the fracture, characteristics of the loss of substance, and presence of bone exposure.
The inclusion criteria were patients treated with lower limb trauma in the study period who underwent reconstruction with a medial plantar flap. Doppler assessment of the arterial system of the foot was performed in all patients. The dorsal artery of the foot and the posterior tibial artery were patent in all patients.
The exclusion criteria were hemodynamically unstable patients, tibial nerve lesions, or lesions in the plantar donor area.
The defect was only measured after preparation of the receptor site, and then transferred to the donor site. The flap must be slightly larger than the receiving area. 
Surgical technique
The surgical technique was as follows: the lower limb is placed in the supine position, with the hip flexed and externally rotated, knee flexed, and foot in maximum supination. The area of skin to be transferred from the plantar cavus was marked off, according to the size of the lesion to be covered, limited by the margins of the foot area that does not bear weight. The midline of the plantar surface of the foot and the prominence of the navicular bone determine the lateral and medial borders of the cutaneous territory, that is, 10-12 cm long and 4-6 cm wide. The origin of the medial plantar artery (superficial branch) is identified at the septum between the abductor hallucis muscle and the flexor digitorum brevis muscle and emits several branches through the intermuscular septum to the medial plantar skin. This artery continues along the medial border of the foot, anastomosed with the first plantar metatarsal artery. The medial plantar artery is generally smaller than the dominant lateral plantar artery. [5] [6] [7] The medial plantar artery is attached distally to the flap, and the proximal stump is sutured to the flap. Subfascial dissection of the flap is then performed; the flap is elevated in a distal-to-proximal direction. The abductor hallucis muscle is sectioned to achieve a greater length of the neurovascular pedicle. The flap is rotated carefully in order to avoid bending the pedicle. The fascicles of the cutaneous nerve are maintained in the flap, and an interfascicular dissection is made proximally. Subsequently, a partial skin graft is performed in the donor area, at the same surgical time.
Results
During the study period, 12 patients with complex wounds caused by lower limb trauma who required the use of a medial plantar flap to cover these lesions were treated. These patients were admitted on an outpatient basis, after clinical/surgical control of their wounds by other specialties, such as orthopedics and general surgery. The mean age of the patients at the time of initial care was 32 years (range: 2-53), with a predominance of the 20-29 age group. A male predominance was observed, representing 83.3% of the sample. Regarding the etiology of trauma, motorcycle accidents (50%) were noteworthy, followed by run-over injuries (33.3%), and motor vehicle accident (16.7%). Regarding the location of the lesions, the most frequent were loss of soft tissue in the plantar support region of the anterior heel (58.3%), the posterior heel over the Achilles tendon (25%), and the dorsum of the foot (16.7%) (Figs. 1-3) . Regarding the presence of fracture, 83.3% of the patients did not present fractures, while 16.7% presented a metatarsus fracture. Bone exposure was observed in 58.3% of the patients; the other 41.7% presented soft tissue loss without bone or tendon exposure. Regarding surgical treatment, in 83.3% of the cases a medial plantar island flap was used.
In all cases, partial skin grafting was performed on the donor area, at the same time. Surgical complications observed were partial loss of the skin graft in one case (8.3%) and partial loss of the flap in one case (8.3%). In the latter case, the patient later underwent a reverse flow sural fasciocutaneous flap, without complications. In the other cases, the use of the medial plantar flap was enough to cover the lesion, allowing good esthetic and functional results. Cutaneous sensation was preserved in all flaps. No cases of dysesthesia were detected.
Discussion
The first option for the reconstruction of the foot and calcaneal plantar region should be the use of fasciocutaneous flaps; the medial plantar flap is in a prominent position for providing a resistant skin covering that appears close to normal, as it is a regional flap. 5 Therefore, it allows a reconstruction of similar tissue with similar tissue, that is, it brings to the reconstruction region a globular skin with a fatty cushion and fibrous septa fixed to the skin that are resistant to shear trauma and weight-bearing. 5, 6 The medial plantar flap is relatively easy to perform, with great versatility, based on a well-defined vascular anatomy pattern. 7 This flap has even been used in patients with diabetes mellitus. 8 From a practical standpoint, in the reconstruction of the soft tissue of the heel, it is important that the heel is divided into weight-bearing regions (anterior or plantar) and nonweight-bearing regions (posterior, on the Achilles tendon). 9 The skin of the heel and plantar arch have the same characteristics; therefore, this is the main reason for the preferential use of medial plantar flap in lesions of the anterior heel. The fact that this flap is innervated by the cutaneous branch of the medial plantar nerve is relevant as it provides sensitivity, an important requirement for patient ambulation. The flap is created a little larger than or the same size as the defect, as there is no significant primary contraction of the flap due to its specific fibroadipose tissue characteristics.
The medial plantar flap has also been indicated for patients with diabetic neuropathy who present chronic ulcers in areas of sensory loss, with a low rate of ulcer recurrence in the long term. Since diabetic patients may have vascular problems, this flap may only be indicated for those with good vascular flow to the flap region. 8 Locoregional fasciocutaneous flaps are an alternative to free flaps for lower limb reconstruction, especially in the heel region. Free flaps would be indicated for more complex cases, when none of the locoregional flaps are available. 9 Free flaps are good options for rebuilding large losses of soft tissue on the heel and lower third of the leg. Microsurgery may require longer surgical time than locoregional flaps, and a specialized team is needed. 10 In calcaneal reconstructions, the reverse sural flap is also a good option. 11, 12 This flap was successfully used in one case of partial loss of the medial plantar flap in the reconstruction of the heel. The disadvantage of the reverse sural flap is loss of sensation in the lateral malleolus, the lateral side of the foot, and on the fifth toe, due to ligature of the sural nerve.
In the present study, distal based reverse flow medial plantar artery flaps were not made. This type of flap is indicated for the reconstruction of distal defects in the plantar region of the metatarsal heads. These flaps are based on retrograde blood flow from the distal medial plantar artery to the dorsal artery of the foot through the first dorsal metatarsal communicating branches. The disadvantage of this flap is its sensory loss. 13 Free flaps based on the medial plantar artery are also a good option for reconstruction of distal defects of the plantar region, and they can be flap innervated. 14, 15 Moreover, the medial plantar flap can be made crosslegged, with the donor region of the flap being the contralateral foot. 16 One disadvantage of the flap based on the medial plantar artery is the loss of a foot artery. However, the main irrigation plantar arch of the foot is the deep one, which is formed mainly by the lateral plantar artery, allowing the formation of an anastomotic network between the two main arteries of the foot (dorsal artery of the foot and lateral plantar artery).
The deep plantar arch also forms four plantar metatarsal arteries and some perforating arteries. The contribution of the medial plantar artery to the deep plantar arch is small and is limited to the lateral branch of its deep branch. 17 Another disadvantage of the medial plantar flap is its limitation in size and on coverage of deep and extensive cavity defects. Therefore, larger muscle or fasciocutaneous flaps should be used to cover such defects.
The options for reconstruction in complex lesions are numerous; the choice of an adequate surgical planning based on the patient's age, gender, and occupation, as well as the size and location of tissue loss, is paramount. Furthermore, the presence of trauma and associated injuries must always be considered, especially in trauma caused by the impact of high energy. The concern with the donor area and the quality of the results in the recipient area has been increasing.
Regardless of the flap used in the reconstruction of the limbs, its indication must be as early as possible, since success is not exclusively associated with the incidence of success of the flaps, but rather with the mobility of the limb joints, with normal gait, and finally, with the return of the patient to work. 
Conclusion
The medial plantar flap has been shown to be a good treatment option for injuries of the heel and dorsum of the foot, with a high success rate and easy reproducibility. The main advantages of the flap are the presence of sensation it provides and the fact that it brings specialized plantar tissue to the reconstructed recipient area, with low morbidity in the donor area.
